Abstract: Multiphase flow occurs in variety of applications in Industries and in nature. One of the most important subcategory of multiphase flow is gas-liquid flows predominantly found in evaporators, condensers, micro-reactors, cryogenic engines and in compact heat exchangers. In the present study, air-water two phase flows in a 4.7mm inner diameter glass tube with 0.3mm thickness is characterized using an IR transceiver and a headphone jack. The output of the IR receiver is sent to the laptop using a 3.5mm headphone jack. The novelty in the present work is that this eliminates the need for a dedicated micro-controller/ DAQ system to process the data. A simple program written in python is used to process the input of the mic and provide amplitude and frequency information which identifies the flow regime. High-Speed Images captured simultaneously are used to validate the output obtained using the headphone jack.
Introduction
Two phase flows are of great industrial importance and throughout the years numerous techniques have been employed in order to identify the flow regime and also to determine the thin film thickness of flows. Jaganathan et al. [1] characterized two phase flow patterns based on variation in the laser patterns produced. The variation was due to interaction of light with different mediums of different refractive indices. Arunkumar et al. [2] were able to accomplish the same using Infrared sensors. An iterative filtering reconstruction algorithm was proposed by Xue et al. [3] which was applied to gamma-CT based two phase flow measurements. Coleman and Garimella [4] used high speed photography to identify the flow regimes. Brown et al. [5] were able to classify the different flow regimes obtained in a horizontal gas-liquid pipe based on pressure drop observed.
With the advancement of technology, holography was incorporated by Van Hout et al. [6] to study fiber suspension flows. Morikawa et al. [7] used optical fibers for the measurement of particle velocity and concentration. Meng et al. [8] used ERT (Electrical Resistance Tomography) and a venturi-meter for the determination of flow regime. Reinecke and Mewes [9] incorporated multi-electrode capacitance sensors to visualize transient two phase flows. Nazemi et al. [10] were able to measure the void fraction and the flow regimes in two phase flows by using a gamma-ray transmission technique. Verma et al. [11] explored the possibility of using the headphone jack as a DAQ system. This paved the way for the hijack module that is commercially sold at $79.
Most of the works mentioned in the literature above involve some deal of complexity as they require a costly DAQ to process the data and analyze the flow. With advancements in sensor technologies, there arises a need to determine the flow regimes with cost effective systems which can bring down the complexities associated with processing of data. Such processing may be simplified by employing advanced transform techniques like FFT. In one of our previous work [12] , a headphone jack connected with an android mobile phone was used to process the signals from a ultrasonic sensor. The present study focuses on a technique to determine the regime of auSMT Vol. two phase flow using a headphone jack and an IR sensor by eliminating the need for a DAQ/microcontroller.
Experimental Setup
A diagrammatic representation of the experimental setup is presented in Fig. 1 . A borosilicate glass of 4.7 mm inner diameter and 0.3mm thickness is used for the experiment. 
Description of 3.5mm HeadphoneJack
The 3.5mm headphone jack is a popular connector used in mobile phones and computers for audio output and input. There are primarily two types of connectors -TRS and TRRS. This corresponds to the number of sleeves present on the headphone jack. TRS headphones have Left, Right and Ground and TRRS facilitates a mic i.e Left, Right, Mic and Ground ( shown in Fig.3 ). The TRRS connector is used in the present study. 
IR Transmitter-receiver
The IR sensor used is a commercially available IR333A model of diameter 5mm. An IR transmitter is placed on one side of the glass tube and an IR Receiver on the other. The transmitter and receiver are placed normal to the surface of the glass. 400 Hz square wave signal is given as input to the IR transmitter while the IR receiver is powered by a 5V battery source. The 400 Hz square wave is generated using Audacity (Audacity is an open source, free to distribute, cross-platform audio software for recording and editing) on the computer and amplified with LM324 Operational amplifier.
The IR receiver is connected to the mic pin of the headphone jack and thus any variation in the output signal of the IR receiver is relayed onto the computer as an audio signal for processing. A simple Python program written using standard libraries is used to display the output waveform and also plot the frequency spectrum it.
Audible Feedback
The choice of 400 Hz is arbitrary here and as long as it satisfies Nyquist's sampling criterion, any frequency can be used. The 3.3 V power supply from an arduino could also be used for powering the IR transmitter instead of the 400 Hz square wave signal, but one would not be able to obtain an audible feedback. The audible feedback transforms a quotidian stream of data into something that the human is most familiar with -Sound. This opens up a whole new field of technology where sensor data not only contains information but also has a human element to it. Such a system will be definitely helpful in identifying various flows regimes during crude oil extraction and oil transportation during which fluids of various phases simultaneously travel in a pipe line.
The purpose of using a computer in this case is to store and process the data from the IR receiver and also to provide a visual aid during the experimentation. But if one would like to modify the setup with only an audible feedback, the entire computer can be replaced with a simple speaker, 555 timer and a power source.
The 555 timer will provide the trigger pulse needed for the IR Transmitter and the output from the IR Receiver is relayed to a speaker. A schematic of this as reference has been provided in Fig. 4 . During experiments, the slug and bubble flows could be clearly distinguished based on the audible feedback. 
Results and Discussion
The results obtained by using a IR transceiver along with a 3.5mm headphone jack is discussed in this section. Section 3.1 details the method of identification using IR Sensor while section 3.2 details the validation procedure.
Flow Regime Identification Using IR Sensor
When the two phase flow occurs in the tube, the IR transceiver excited sends the output signal through the headphone jack. The mic data is further processed to analyse the amplitude variation by employing FFT. A python program is written that is used to capture the mic data, compute the FFT, and plot Amplitude and frequency variations. This is accomplished using the NumPy, SciPy and Matplotlib packages. The sampling rate is kept at 44100 Hz and the size of the chunk used for FFT is 441. The variation in the amplitude with respect to time for a bubble and slug respectively are shown in Fig. 5 and Fig. 6 . A bubble flow is characterized by spherical or non spherical air bubble whose diameter is same or lesser than that of the tube diameter. A slug flow regime in the present case may be due to increase in size of the bubble and elongate because of its dimension more than the diameter of the tube. The two phase flow of air and water is characterized by the distinct drop in the amplitude of the audio signal.
This change in amplitude is attributed to the varying refractive indices of the air and water mediums. In order to characterize the flow regime, the threshold value above which corresponds to the single phase flow of water is determined. In Fig. 5 and Fig. 6 , this threshold value is 2500. The threshold value depends on the distance between the IR receiver and transmitter, and also their orientation. But these parameters are kept constant (diameter of the tube) throughout the experiment and hence the threshold value remained constant. Accurate determination of this threshold value will help in determining the interface of air and water mixture. This will also be helpful in determining liquid film thickness which occurs in bubble and slug flow regime if the technique is properly calibrated which is the scope for future work.
Frequency Variation
To determine the regime of flow, cut-off amplitude of 2500 is included in the python program. Any signal below the cut-off amplitude of 2500 is assigned an amplitude value of 0. This filtered signal is passed on for the FFT. The plot of the variation in the frequency obtained by the IR receiver for a bubble is presented in Fig.  7 and for a slug in Fig. 8 . The identification of the flow regimes is accomplished by measuring the total time (t) of occurrence of the 400 Hz signal. For slugs, this time t is longer and for bubbles it is smaller. From the obtained value of 't', one can also determine the length of the slug and diameter of the bubble. The ingenuity in the work lies in the elimination of a DAQ/microcontroller for the processing of IR sensor data for determining the flow regime and transforming the data stream into an audible feedback for the user. The audible feedback that is obtained as a result can be used to supplement the visual phenomenon. This makes the act of experimentation more human-friendly and comprehensible.
In order to validate the work, another set of readings are taken simultaneously using a Laser-Image processing technique. A detailed discussion on this technique is available in [14] . A laser pointer is placed on one side of the tube and a screen is placed on the other to capture the image formed. High speed images of the screen are captured simultaneously and the flow regime obtained using IR sensor is compared. The summation of the pixel intensities are found out from the image by rastering every column. The plot of the variation in the pixel intensity versus time is plotted for slug flow in Fig. 8 and a representation of the flow pattern is provided alongside with the plot as a reference. From this information the flow regimes are determined.
The time of occurrence of the peaks are captured and the data is compared with the one obtained by the headphone jack and IR sensor. A quantitative comparison between Fig. 8 and Fig. 9 shows that the patterns of flow regimes are almost similar. More detailed analysis needs to be carried out so that the proposed method of using the IR sensor combined with a simple headphone jack is competent with existing methods. The system is reliable and cost-effective way of determining the flow regime in two phase flow while also offering audible feedback to the user.
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Conclusion
In the present work, intelligent flow regime identification of two phase flow of air and water is accomplished using an IR sensor amalgamated with the headphone jack. The variation in frequency and amplitudes obtained as a result, are used as a means for characterization of the regime. The obtained results using the IR sensor and headphone jack are validated with Laser Image Processing technique. The entire experiment is done using open source packages. The determination of thin film thickness using the same set up is a topic for future study.
